The present work describes a method based on solid-phase extraction (SPE) and 37 ultra-performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) 38 for the simultaneous determination of three quinolones (pipemidic acid, oxolinic acid 39 
Introduction 53
During the last decade, special concern has arisen in the food safety field on 54 infant foods, because infants' low body weight makes them more vulnerable to food 55 contaminants or residues (pesticides, pharmaceutical compounds, etc.). This fact is of 56 special importance in infants up to two years old since they have a relative food intake 57 that can be three times higher than that of adults. The wide variety of food products 58 nowadays available, as well as the high number of target analytes to be analyzed in food 59 monitoring programs, demands the development of ultra-fast analytical techniques able 60 to provide results in a short time with extremely low detection limits to fulfill the 61 requirements established by the current legislation. 62
Infant foods are divided into infant formulae (usually for the first six months of 63 life), follow-on formulae (when appropriate complementary feeding is introduced and 64 indicated usually for babies between 6 and 12 months) and growth formulae according 65 to the age of the children they are aimed at (usually babies older than one year). Their 66 chemical composition is based on infants' nutritional requirements and in most cases 67 they are partly manufactured from bovine milk resulting in a powder that should be 68 carefully reconstituted in boiled water. Nowadays, there is a relatively high number of 69 infant powdered milk products with a variable composition commercially available 70 worldwide. As a result of their bovine origin, it is of high importance to ensure that such 71 products are free of veterinary drug residues like, for example, antibiotics that can 72 develop resistance at this initial stage of life. In this sense, and with the aim of 73 protecting infants' health, the European Union (UE), has already established maximum 74 residue limits (MRLs) for pesticides and mycotoxins in processed fruit, vegetables or 75 cereal-based baby foods and infant formulae [1, 2] because of the importance of both 76 types of compounds. However, up to now, no legislation has been published regarding 77
MRLs of pharmacologically active substances (including antibiotics) in such products, 78 6 in Milli-Q water as mobile phase A and MeOH as mobile phase B. Elution was carried 155 out according to the following gradient: 0 min, 10% B; 6 min, 40% B; 9 min, 50% B; 156 9.1 min, 10% B; 13 min, 10% B. The optimum flow rate was 0.3 mL/min whereas the 157 injection volume was 10 µL. The DAD recorded the spectra from 200 to 450 nm. 158
Column and autosampler compartments were thermostated at 25ºC. 159
To quantify the quinolones, the mass spectrometer was operated in the positive 160 ESI mode. Spray voltage and capillary temperature were set at 3500 V and 250ºC, 161
respectively. Nitrogen was used as sheath and auxiliary gas at pressures of 40 and 20 162 arbitrary units, respectively. Ion sweep gas pressure was 2 units and collision gas (Ar) 163 pressure, 1.5 mTorr. Scan width and the scan time were fixed at 0.020 (m/z) and 0.100 s 164 and system was operated in selected reaction monitoring (SRM). SRM parameters were 165 optimized by direct infusion of standards. Two transition ions were monitored for 166 identification but only the most intense one for each precursor ion was used for 167 quantification. The values corresponding to the tube lens offset voltage and collision 168 energy for each selected ion transitions are indicated in Table 1. The StatGraphics Plus  169 Software (Statistical Graphics, Rockville, USA) was used for data processing. 170 171
Sample deproteination and SPE procedure 172
Powdered milk samples were prepared according to manufacturers' indications. 173 SPE procedure was adapted from a method previously developed by our group to 174 extract seven fluoroquinolones from bovine, ovine and caprine milk [17] . Briefly, 175 reconstituted milk samples (2 mL) were spiked with the selected quinolones and 176 deproteinated by mixing with 6 mL of ACN containing 20% w/v TCA and sonicated for 177 30 min. Then, the mixture was kept in dark for 15 min and centrifuged for 15 min at 178 4500 rpm. After suitable filtration of the supernatant with Chromafil Xtra PET-45/25 179 filters of 0.45 µm pore size (Macherey-Nagel GmbH & Co. KG, Düren, Germany) the 180 organic solvent was evaporated using a rotary evaporator R-200 equipped with a V-800 181 vacuum controller and a V-500 vacuum pump (Büchi Labortechnik, Flawil, 182 Switzerland). The residue was dissolved in water containing 11.24 g/L of EDTA. pH 183 was adjusted to 4.0 with NaOH (1 M) and the sample was centrifuged again for 15 min 184 at 4500 rpm. Then, the supernatant was subjected to a SPE procedure in a Vac-Master 185 manifold (IST, Hengoed, South Wales, UK) using Oasis HLB cartridges (6 mL, 500 186 mg) from Waters, previously activated with 5 mL of MeOH and 5 mL of Milli-Q water. 187
When the retention step was completed, the cartridge was dried under vacuum of -10 phases. Once these mobile phases were selected, the gradient of elution was adapted to 211 maximize the separation among the interesting compounds while reducing the elution 212 time. Temperature effect in the column compartment was studied between 25 and 40ºC 213 to improve separation. However, although high temperature values could speed up the 214 analyte elution, a decrease in the separation efficiency was observed at 40ºC. Thus, 215 25ºC was selected for subsequent experiments. In section 2.2 the optimum separation 216 parameters finally selected are described. Using these conditions, the separation of the 217 15 compounds investigated was performed in less than 10 min. 218
Once the UPLC separation was optimized, the different MS/MS detection 219 parameters were studied. In this sense, the UPLC-MS/MS analysis of contaminants 220 must fulfill the number of identification points required by the current EU legislation for 221 the analysis of these components in foods [19] . In this work, two product ions for each 222 8 determined compound have been selected (from their corresponding precursor ions) 223 which complies with the requirements proposed in this legislation. In this way, each 224 compound is precisely characterized by its retention time as well as by two precursor-225 product ion transitions. The most intense product ion was employed for quantification 226 whereas the other one was used for peak identification. Although the selective detection 227 of the antibiotics through the selection of appropriate ion transitions was optimized 228 infusing directly those compounds into the MS instrument (see Table 1 mean recovery values of the selected quinolones were in the range 57-85%, which are 277 clearly lower than our previous results obtained for the extraction of a reduced number 278 of quinolones from raw milk which were between 73 and 113% (RSDs<16%) [17] . 279 Therefore, the extraction protocol had to be modified to improve the obtained 280 results. To do that, several modifications of the deproteination conditions were carried 281 out. For this purpose, higher amounts of MeOH and TCA percentages were used, as 282 well as the use of ACN instead of MeOH, which has also shown to provide good results 283
[13]. Besides, EDTA amount was also increased since our previous experience with the 284 method clearly showed that depending of the calcium or magnesium content of the 285 sample, competition of both cations for the EDTA may take place and therefore, higher 286 amounts of the complexing agent might be necessary [20] . For comparison purposes, 287 blank samples, which were found to be free of the selected analytes, were also analyzed. 288 
Matrix-matched calibration 302
With the aim of verifying the influence of the sample matrix in the MS response, 303 matrix effect of each sample type was studied by obtaining the calibration curves of the 304 standards dissolved in methanol and in each of the three different sample matrices 305 (using also methanol as solvent) at eight concentration levels. Each level was injected in 306 triplicate in the UPLC-MS system. Table 2 compound under study and it would be necessary to develop a calibration in the sample 315 matrix to get truthful results. In this sense, it could be clearly seen that a matrix effect 316 occurred for almost all the quinolones. Besides, statistical comparison between matrix-317 matched calibration curves revealed that there were also clear differences between them. 318 Consequently, for quantification purposes matrix-matched calibration should be 319 developed and applied for each sample type. 320 321
Extraction recovery study. 322
Once optimum SPE conditions were achieved, a recovery study was carried out 323 at two levels of concentration for the three types of powdered milk samples (infant, 324 11 follow-on and growth formulae), with the aim of demonstrating the applicability of the 325 method. Five replicates were carried out at each level. A previous extraction was 326 developed for each sample in order to verify the absence of the selected quinolones. 327
Results of the recovery study as well as the spiking levels are shown in Table 3 
